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PROBLEM TO BE SOLVED: To properly suppress high 
concentration of a substrate 
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increasing a manufacture 
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SOLUTION: Since a polysilicon film 32 constituting the gate 
electrodes of the 

respective transistors is formed by covering a silicon 
oxide film 30 and the 

polysilicon film 32 becoming the gate electrode in a 
subsequent stage is set to 

be the p-type polysilicon film, BF<SB>2</SB> ions are 
driven. Then, a silicon 

oxide film 34 is formed by covering the p-type polysilicon 
film 32. Then, a 

patterning processing for forming the gate electrode 32 of 
the nMOS transistor 

of the memory cell, the gate electrode 32b of the nMOS 
transistor of the 
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peripheral circuit and the gate electrode 32c of the pMOS 
transistor is 

executed. The respective source/drain areas of the nMOS 
transistors of the 

memory cell and the nMOS transistors of the peripheral 
circuit are formed. 
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Tit. d r AMWimizy- hMttmmwukLx* ^ 
<ztimt>tix^h. zny-hmftmcmmwi. 

h 7Vi?x?rtfflmi l z& o mr* *;Mai*€:jrpiS|-f 6 
tzMz&fttl>$mX'hh. LfrL%tiX'%>. 

ztizmm-ztiMzii. mwuzn. msiz^-tmmm 

[0009] LfrLZ<7)-1lX\ M1-v *)VWkZ%£L 

zm££mmizmmLtz^mm i h&. -r&*>*>. m 

9iz-MtLX*Zti&ioiz. S^-WTxmEVsb 

<rmc m*<rmx\±. -3vk-i v^c^-ft) t 

lfrt>AV2b'bZ<%->X^h) . 

[00 10] c\<7)£oZmfflzi*). 08fc**M:3fc: 



3) ^¥10-2424 14 

4 

[0011] ^"CfcL -m^V-XV^r-^bLX^ 
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y- hWMMtmmfct& z. b ) izmm-z z b 

[0012] Wk. wm&(?)mffl&tt.mm-f&-<> 
<mm:immizn<nnmzffl%tictz>. ^hvpz-? 

hhfdt>. i>^b&m%1jmw$>tHfZtilzMllzc\b 

[0013] mz^t tyiihm. mwimx-it** 

Z<Oni-^^MOShyy : JX^ (OT. r nM 
OSh7yy^j b^o. ) Z nmy-hX-ffi&LLX 
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T F •/ 7 r 2 a»ii><Du ?7 F UZfi^R A D $rr 
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^fdZbizX*), W&Ztih. P M»7X/n 6&mi> 

[0032] awxf^r ( C ) ttt. I^SIfcLT. ^ 
ortfc. jgaisisscopMos h^y^'x^^ 

J^fiE-tSitfcOnS»7X^2 0^^-4. i*U4. p< 

'J -fe^co nMOSh^yx'x^ &^3ilaiS&<o n m o 

S b y y >?^^*qftftS*LSSStt«fthfcl' 2£* M 8 

«Bistfca. asc^fcWL-c vy(p)<M *yfi 

Tli'Jy (P) ^fflv^*»\ ^iit:fti.Tlft* (As) 
^ffl^Tti^. PHRfcLT, nS»>xyl,2 0^^L 

[0033] Xf-/7(B) Wf»7 (C) 

fc. »7x^^^-rsxgi: 7 -^HiKtJS^^fi^ 

S. ifcfc, H4t«i't*i:, Xf7r(D)T'll S 
flc^tWSt LrSSKfcK J: 9 y U a y^« ( S i 

02 ) 2 2tjttfcr&. 3t^atMTtt, zniswzym 

2<7>m^ 1 2 nmfc tfe. 
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ems £»r ^*>v ■ n-rjsifcfr 
2ti&m&.mwci,zis~/z h24 itz®. 

mzft ix U V ( P ) <?>A *yfJ*>&X-*fr o <! i: 

20keVt. K-X*S#2. 5XlO l6 m-WT 

[0035] iOXfvr ( E ) T'«. K-^y hi: L 
T nl^}fl ( U y ) fcJflVvrufcW. ^3a0!S^n 10 

»>x/n 6?>#ms (PS) £J±£c*t3S?S (nl) <r> 
®i£fc=5:9. Sft2^wI'2 6*^j££iT.S. .lit 

->x^2o^^s ( ni) tmtm'm.nmm 
mmrwjy <p) sniv^ta*. d^tfti.Tat* (a 

l^'Xh24£l$£-tS. 

[0036] ^f'/r ( f ) -cia. n«t£LT . ^ 20 

g«£tefc:**LT*ny (B) tfH*ytT*>ii*£ 
X.^)V^—t^2 0 k e VT. F— XftP 3 X 1 0 16 m- 2 
[0037] <L<DXx77 ( F ) Tli. K-^y h L 

TJDS^tfo^. I^'xh2 8£B££-r&. Srfc. x 
T77 (E) tXf 77 ( F ) fcli. HW^jfifcLTt 

[00 38] m5*mmt&t. X^y7(G) 
X'\±. Af77(D) T'J&£ Lti^^a yfflm 2 2 £ 

ftcoxrvT (h> Ttt. mmzmzfttx 
fmtozxrusvaymim (sio 2 )30£j&£-t 40 
6. ,i^U3yM^k!i3 0{i#h5yxx^^-h 

®HUl3 0tf)JI$£6. 5nmafc. 
[0 0 39] ifo7)Xx77 ( I ) Tli. iJB^Uay® 
flJg3 0£3goJB?*yi'y3y|Bi <po 1 y-S i ) 
3 2£mf&. Cl^U^'J3y|i3 2ti#h7>'>'* 

<7)tfy vyay|g3 2tf>Jf££l 5 0nmiU. & 
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O^m-^^frTt^fofc. &i>. ffl^S^yfcl/C 
li#oy ( b ) <r>frX'i>*smX'&hW. #ny < B ) Ji 
SftTtfvvttbC* +^{c:fiixx^;^-TiT*>iia=5: 

s«(cs«itTLid. -err. 
fifcawtaffSft^iHS ( f ) c^ny ( b ) 

ZitXRl^tl. 
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U3yJg3 2^dB-C^'J3y|gflJS(Si02 )3 
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1 0 0 nmfc tfc. WKXT-rT ( D T'ti. 
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baiXpMOSh^ yisXfayy— b^S3 2 c 

®fc LTSLTtJ<^# paw? y v-U 3 ^RoaUHztt 

l5-Ti.^y3yiHb]i34a, 3 4bXtX3 4c±t3-7 

too4ii«ttfc. mizmct&t. xf77 

(M) Tti. ^t'J^KOnMOSh^V^a^ 
JflHIJS^n MO S h 5 y&X90&V—A/' HW yfg 
iWi, JWa»0pMOSh5y^X 
^«M$tL& jittffiUJitlP^ h 3 6 ?&JttSUfc 

Sfi^flc(=^LTyy (P) tf>-f*>1T-&£*£fT 
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[0042] imf77 (M) tiO, ^t'J-feW) 
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^c7)nSV-XS^3 8b&lf nSKM yfg$4 0 b 
4*5. *HttWCt4Uy (P) tfflV^fe 
*\ ritfc^i.T5ftS (As) trfflv^TtJ:^. 
-X/-Hl^>f Lfcft. l^'X h 3 6 ^l^i 
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L^mmmto. 4v (isaM7xie;-iv) 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] the insulated gate field effect transistor, i.e., MIS (metal, insulator, and 
semiconductor) transistor, which this invention requires for the semiconductor memory (DRAM) which uses a dynamic type 
memory cell for informational storage, and is especially used for DRAM -- generally it is related with the configuration of the gate 
electrode of MOS (metal, oxide, and semiconductor) transistor ** 

[0002] In connection with the high integration of DRAM which does not know the place which remains, it is required that MIS 
(MOS) transistor which is the built-in device is increasingly made detailed. In order to originate in detailed-ization of the 
transistor accompanied by reduction of cell area and to, obtain the threshold voltage of a request of a transistor on the other hand, 
it will be necessary to make high concentration of the substrate in which the cell is formed. However, if this substrate 
concentration is made not much high too much, the problem that a retention property falls so that it may mention later (that is, 
data-hold time cannot satisfy a specification value) will arise. Then, the technique which suppresses high concentration-ization of 
substrate concentration is demanded, without causing such a problem. 
[0003] 

[Description of the Prior Art] First, the technical background which substrate concentration high-concentration-izes is explained. 
In the scaling law of the MOS transistor known well, the internal field of an MOS transistor is kept constant by making supply 
voltage, channel length, and a gate oxidization thickness into 1/K time, and making substrate concentration into K times. 
[0004] However, in the case of the cell transistor (generally nMOS transistor) of DRAM, there is constraint that a threshold 
voltage must be kept almost constant, from the need of suppressing a leakage current when this transistor turns off. This threshold 
voltage (referred to as Vth) is expressed with the following formulas to this contractor as known well. 

[0005] Vth=Vfb+phisi+gamma (phisi+Vsb) 1/2 -- a surface potential and gamma express the number of substrate sound effects 
men, Vsb expresses substrate bias voltage, and the flat band voltage and phisi to which Vfb is decided by the work function 
difference of a gate electrode material and the substrate material under a gate electrode here are expressed as follows 
Vfb=-0. 56-phifphif =(kT/q) In (Nb/ni) 

phisi=2phifgamma=(2epsilono and epsilonsi, and qNb)l/2/Cox -- here -- Nb Substrate concentration and ni intrinsic carrier 
concentration and k - a Boltzmann's constant and T -- absolute temperature and q ~ ****** and epsilono A dielectric constant of 
vacuum and epsilonsi express the dielectric constant of a substrate, and Cox expresses the capacity (however, capacity per unit 
area) of a gate oxide film. 

[0006] In addition, a phase boundary charge assumes the time of the parvus enough, using contest n type polysilicon which fully 
high-concentration-ized such relational expression (3 or more [ for example, / 1026m - ]) as a gate electrode. Moreover, S (sub 
threshold level) coefficient is expressed with the following formulas. 
S**2.3(l+Cd/Cox)(kT/q) 

Here, it is Cd. The depletion layer capacitance (however, capacity per unit area) is expressed. This depletion layer capacitance Cd 
The capacity Cox of a gate oxide film is expressed as follows, respectively. 

[0007] Cd =epsilono and epsilonsi/XdCox=epsilono and epsilonox/tox, however Xd = {2epsilono and 
epsilonsi(phisi+Vsb)/qNb} 

Here, tox is the thickness of a gate oxide film, and Xd. The thickness of a depletion layer is expressed. The leakage current at the 
time of OFF in the ordinary temperature of for example, a cell transistor sets up as a design basis that it is smaller than the current 
which flows at the time of Vgs(gate voltage to the source) =Vth (threshold voltage) 10 figures here. 

[0008] Here, the case where it impresses -1 V as substrate bias voltage (Vsb) is considered. If the solution with which this design 
basis is filled is calculated by the computer, it is the thickness tox and the substrate concentration Nb of a gate oxide film (gate 
insulator layer). A relation which is shown in drawing 8 can be obtained as a relation. By the way, it is known for the technical 
trend that a gate oxide film will thin-film-ize for every generation of DRAM. This gate oxide film surely needs to be 
thin-film-ized, in order to suppress the short channel effect accompanied by detailed-izing of a transistor. However, still, a short 
channel effect cannot be suppressed completely but it will be accompanied by a fall of a certain amount of threshold voltage Vth, 
and degradation of S coefficient. In order to compensate this, substrate concentration higher in fact than the substrate 
concentration shown in drawing 8 is needed. 

[0009] However, some have rather a motive to use positively the field where a short channel effect occurs, without on the other 
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hand suppressing a short channel effect completely. That is, for change of as opposed to [ as shown in drawing 9 as an example ] 
change (from V to -1 [ The example of illustration -3 ] change to V) of the substrate bias voltage Vsb of the threshold voltage 
Vth, the direction of the field (that is, field where a short channel effect occurs) where channel-length L is shorter than the field 
where channel -length L is long is the parvus (in the example of illustration, it is small with deltaVl to delta V2). That is, if a short 
channel effect occurs, it is because there is a merit that the substrate bias dependency of a threshold voltage becomes small. 
[00 1 0] If the thickness tox of a gate oxide film is set to 1 Onm or less according to such a situation as shown in drawing 8 , it is the 
substrate concentration Nb. It becomes three or more [ 1023m - ], and becomes high concentration extremely. Of course, there is 
also selection using higher substrate concentration also by the same thickness of a gate oxide film by difference of a setup of a 
design basis, or the selection using lower substrate concentration of a certain thing is also natural. 

[001 1] Here, as a first worst case, when the thickness of a gate oxide film is lOnm or less, it makes to become high substrate 
concentration into a problem. As a trouble at the time of making substrate concentration high beyond the need, there is a fall of a 
retention time, for example. About such a trouble, reference is made by IEDM95 and p91 5 (T.Hamamoto, S.Sugiura, and and 
S.Sawada), for example. If there is a fall of a retention time, the technical trend (a gate oxide film should thin-film-ize for every 
generation of DRAM) mentioned above cannot be followed. Then, even if the generation of DRAM advances, the technique 
which suppresses high concentration-ization of substrate concentration is needed. 

[001 2] Conventionally, the so-called minus resetting method which fixes the potential of the word line for choosing a memory cell 
in an electronegative potential at the time of un-choosing is learned as one technique which suppresses high concentration-ization 
of substrate concentration. However, this technique is complicated in circuit, and if the control for it also comes out very much 
and there is simpler technique for a certain reason, it will not have been exceeded to it. 

[0013] Next, although the MOS transistor of a memory cell was formed with the n channel type and this n channel MOS 
transistor (only henceforth "nMOS transistor") was constituted from a proior art at n type gate, the thing of replacing with this n 
type gate and applying p type gate is considered. This applicant has already proposed the technique which used nMOS transistor 
of p type gate for the cell transistor (refer to Japanese Patent Application No. 1 8 1 1 78 [ seven to ]). 

[0014] Although n type gate is adopted as usual in this advanced technology about nMOS transistor and the p channel MOS 
transistor (it is only similarly called "pMOS transistor".) which are used for the circumference circuits (a low decoder, a column 
decoder, column gate, etc.) for controlling an operation of a memory cell, in order to suppress the substrate bias dependency of a 
threshold voltage, p type gate is adopted about the cell transistor. That is, high concentration-ization of substrate concentration is 
suppressed by applying p type gate to a cell transistor, and the substrate bias dependency of a threshold voltage is suppressed by 
it. 

[0015] 

[Problem(s) to be Solved by the Invention] As mentioned above, what adopted p type gate only as the cell transistor is indicated 
to the last as one technique for suppressing the substrate bias dependency of a threshold voltage by the advanced technology 
(Japanese Patent Application No. 181 178 [ seven to ]) by this applicant. However, as explained with reference to drawing 9 , the 
substrate bias dependency of a threshold voltage can be suitably made small by using positively the field where a short channel 
effect occurs. Therefore, only since it is only called suppression of the substrate bias dependency of a threshold voltage, there is 
no motive strong like it says that p type gate must be adopted as a cell transistor. 

[0016] Moreover, in this advanced technology, a cell transistor is made into p type gate, and the transistor of a circumference 
circuit is limited to using n type gate as usual. Therefore, in case the gate electrode of a transistor is formed, the process (structure 
division of the so-called gate) for producing the process and n type gate for producing p type gate is needed. In order for this to 
start the problem that the manufacturing process as [ whole ] memory is complicated and to lead also to a steep cost rise, it is not 
desirable. 

[001 7] this invention aims at offering the dynamic type semiconductor memory which can suppress high concentration-ization of 
the substrate concentration needed for implementation of a desired threshold voltage proper, as a result can aim at enhancement in 
a retention property, without having been created in view of the technical probrem in the conventional technique mentioned 
above, and causing most increases in the whole manufacturing process. 
[0018] 

[Means for Solving the Problem] In order to solve the technical probrem of the conventional technique mentioned above, in the 
dynamic type semiconductor memory concerning this invention, contest p type polysilicon is altogether used as a gate electrode 
not only including the transistor of a memory cell but including the transistor used for the circumference circuit. 
[00 1 9] however, the well same in order to make the threshold voltage of the transistor of a circumference circuit into a desired 
value in connection with this as the case of n type gate used with the conventional technique - it becomes impossible to use a 
profile Therefore, in order to obtain a desired threshold voltage, you have to attain an optimization of the ion implantation for 
threshold voltage adjustment (ion implantation energy and dose). As it said that the channel field of nMOS transistor of a 
circumference circuit was formed with the gestalt of the so-called "embedding channel", and the channel field of pMOS transistor 
was formed with the gestalt of a usual surface channel by the case in relation to this, a setup contrary to the former can be 
performed. 

[0020] Thus, since the gate electrode of all MOS transistors used is made into the single conductivity type (p type) according to 
this invention, the process of "a structure division of the gate" which was looked at by the conventional example becomes 
unnecessary. That is, with the above-mentioned advanced technology (Japanese Patent Application No, 181 178 [ seven to ]), to 
the gate electrode of a cell transistor being contest p type polysilicon, since the gate electrode of the transistor of a circumference 
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circuit is contest n type polysilicon, it is necessary to produce each gate electrode at another process. Moreover, although 
constituting the gate electrode of a cell transistor and pMOS transistor of a circumference circuit from contest p type polysilicon, 
and constituting the gate electrode of nMOS transistor of a circumference circuit from contest n type polysilicon is also 
considered, the manufacture process of another process is required also in this case. That is, in this invention, it can simplify at 
least about the process which forms a gate electrode. 

[002 1 ] When not only nMOS transistor of a memory cell but nMOS transistor and pMOS transistor of a circumference circuit 
constitute a gate electrode from contest p type polysilicon, they have an advantageous point further. That is, generally, since 
mobility is larger than an electron hole, an electron excels [ transistor / nMOS ] pMOS transistor in driving force. When using n 
type gate, although nMOS transistor serves as an embedding channel type, generally it does not embed a surface channel type and 
pMOS transistor, and a channel type cannot be compared with a surface channel type, and cannot set up the absolute value of a 
threshold voltage low. When, as for this, low-battery-ization will progress from now on, driving force will be inferior to a surface 
channel type in an embedding channel type. From the above two points, when using n type gate, pMOS transistor will be inferior 
to nMOS transistor in driving force much, and both imbalance becomes remarkable under future low-battery-izing. Then, if p 
type gate is adopted, the two above-mentioned effects will be offset to some extent, and will serve as the good orientation of a 
balance. 

[0022] Moreover, since p type gate is adopted as the transistor of a memory cell, high concentration-ization of substrate 
concentration can be suppressed and it is enabled to suppress the substrate bias dependency of a threshold voltage by this as 
indicated by the advanced technology (refer to Japanese Patent Application No. 181 178 [ seven to ]) mentioned above. And it 
greatly contributes to high concentration-ized suppression of substrate concentration preventing aggravation of a retention 
property. 
[0023] 

[Embodiments of the Invention] Hereafter, the operation gestalt of this invention is explained, referring to an accompanying 
drawying. The cross- section configuration of the important section (transistor) in the dynamic type semiconductor memory 
concerning the 1 operation gestalt of this invention is typically shown in drawing 1 . In drawing 1 , 1 2 shows the field insulator 
layer for a separation of each element (namely, the nMOS transistor Qb and the pMOS transistor Qc of nMOS transistor Qa of a 
memory cell, and a circumference circuit). 

[0024] The nMOS transistor Qa of a memory cell is equipped with gate insulator layer 30a, p type gate electrode 32a formed on 
the channel field on both sides of this gate insulator layer 30a in between, and n type source field 38a and n type drain field 40a 
which were formed in both sides across the channel field within the substrate, and is constituted. Moreover, the nMOS transistor 
Qb of a circumference circuit is equipped with gate insulator layer 30b, the n type channel field (embedding channel) 26 formed 
in the substrate front face, p type gate electrode 32b formed on the n type channel field 26 on both sides of gate insulator layer 
30b in between, and n type source field 38b and n type drain field 40b which were formed in both sides across the n type channel 
field 26 within the substrate, and is constituted. 

[0025] Similarly, the pMOS transistor Qc of a circumference circuit is equipped with gate insulator layer 30c, p type gate 
electrode 32c formed on the channel field on both sides of this gate insulator layer 30c in between, and p type source field 38c and 
p type drain field 40c which were formed in both sides across the channel field within the substrate, and is constituted. The whole 
dynamic type semiconductor-memory configuration concerning this operation gestalt is roughly shown in drawing 2 . 
[0026] Among drawing, one shows the memory cell array by which two or more word lines and two or more bit lines were 
arranged in the shape of a matrix, and dynamic type memory cell managing contractor which has capacitor C for a charge store 
and nMOS transistor Q for a charge transfer is prepared in the intersection of each word line WLi and each bit line BLj. 
Moreover, the low address buffer which buffers row-address signal RAD by which 2 is contained in address signal ADD from the 
exterior, The column address buffer which buffers column address signal CAD by which 3 is similarly contained in address signal 
ADD, 4 decodes row-address signal RAD from the low address buffer 2. The low decoder for choosing either of two or more 
word lines and 5 decode column address signal CAD from the column address buffer 3. The column decoder for choosing any bit 
line pairs [ two or more one pairs of], The sense amplifier (S/A) circuit for 6 sensing and amplifying the data read from the 
memory cell connected with the selected word line and the selected bit line, 7 shows the column gate circuit for connecting to a 
corresponding data-line pair (DL 1 , DLX1 ) the bit line pair (for example, BL 1 and BLX1 ) chosen by the column decoder 5. In this 
column gate circuit 7, one pair of nMOS transistors (Ql and QX1) which answer a column signal from the column decoder 5 are 
prepared to one pair of corresponding bit lines like illustration, moreover, each data line DL1 and DLX1 - DLn and DLXn (data 
bus DB) - the data I/O (I/O) buffer 8 - minding - data I/O edges DIN/DOUT It connects. 

[0027] In the configuration of drawing 2 , nMOS transistor Q for a charge transfer which constitutes memory cell managing 
contractor is equivalent to the nMOS transistor Qa of a memory cell shown in drawing 1 . Moreover, the nMOS transistor Q 1 (or 
QX1) in the column gate circuit 7 is equivalent to the nMOS transistor Qb of the circumference circuit shown in drawing 1 . In 
addition, with the configuration of drawing 2 , the transistor equivalent to the pMOS transistor Qc of the circumference circuit 
shown in drawing 1 has omitted illustration. 

[0028] Since the gate electrode of all MOS transistors is used only as p type not only including the nMOS transistor Qa of a 
memory cell but including the nMOS transistor Qb and the pMOS transistor Qc which are used for the circumference circuit 
according to the configuration of this operation gestalt as shown in drawing I , the process of "a structure division of the gate" 
which was conventionally looked at by type becomes unnecessary, and simplification can be attained at least about the process 
which forms a gate electrode. 
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[0029] Moreover, since p type gate is adopted as the nMOS transistor Qa of a memory cell, high concentration-ization of 
substrate concentration can be suppressed proper and the substrate bias dependency of a threshold voltage can be suppressed as 
indicated by the advanced technology (refer to Japanese Patent Application No. 1 81 1 78 [ seven to ]) which this applicant 
proposed. And it contributes to high concentration-ized suppression of substrate concentration preventing aggravation of a 
retention property. 
[0030] 

[Example] Hereafter, the manufacturing process of each transistor (the nMOS transistor Qb and the pMOS transistor Qc of 
nMOS transistor Qa of a memory cell and a circumference circuit) in the operation gestalt shown in drawing 1 is explained in 
detail, referring to drawing 3 - view 7 '. First, reference of drawing 3 forms the field insulator layer (the example of illustration 
silicon-oxide; Si02) 1 2 for separating each transistor element on the p type semiconductor 10, for example, the substrate of 
silicon (Si), at a step (A). This forms for example, a silicon nitride (not shown) in the field (active region) in which each transistor 
is formed on the semiconductor substrate 10, and is realized by carrying out the selective oxidation of the fields other than an 
active region (non-active region). 

[003 1 ] At the following step (B), in order to form nMOS transistor of a memory cell, and nMOS transistor of a circumference 
circuit in the semiconductor substrate 10, a well 16 is formed p mold. This is realized by performing the ion implantation of boron 
(B) to the whole substrate, after forming a resist 14 on the active region in which pMOS transistor of a circumference circuit is 
formed. A resist 14 is removed after forming a well 16 p mold. 

[0032] At the following step (C), similarly, in order to form pMOS transistor of a circumference circuit in the semiconductor 
substrate 10, a well 20 is formed n mold. This is realized by performing the ion implantation of Lynn (P) to the whole substrate, 
after forming a resist 1 8 on the active region in which nMOS transistor of a memory cell and nMOS transistor of a circumference 
circuit are formed. In addition, although Lynn (P) was used in this example, it may replace with this and an arsenic (As) may be 
used. Similarly, a resist 18 is removed after forming a well 20 n molds. 

[0033] In addition, the step (B) and the step (C) of sequence being made reverse are natural. Moreover, of course, you may also 
make into a reverse order the process which forms a well, and the process which forms a field oxide film. Next, reference of 
drawing 4 forms a silicon oxide (Si02) 22 by thermal oxidation to the whole substrate at a step (D). Thickness of this silicon 
oxide 22 was set to 1 2nm in this example. 

[0034] At the following step (E), in order to adjust each threshold voltage of nMOS transistor of a circumference circuit, and 
pMOS transistor, channel dope processing is performed. This is realized by performing the ion implantation of Lynn (P) to the 
whole substrate, after forming a resist 24 on the active region in which nMOS transistor of a memory cell is formed. Energy is 
20keVs and the dose performed this ion implantation under the condition of 2.5x1 016m-2. 

[0035] At this step (E), since the n type material (Lynn) is used as a dopant, the channel field of nMOS transistor of a 
circumference circuit turns into the field of an opposite conductivity type (n type) with the conductivity type (p type) of a well 16 
like illustration, and the embedding channel 26 is formed. On the other hand, the channel field of pMOS transistor of a 
circumference circuit turns into the conductivity type (n type) of a well 20, and the field of the same conductivity type, and a usual 
surface channel is formed. In addition, although Lynn (P) was used in this example, it may replace with this and an arsenic (As) 
may be used. A resist 24 is removed after performing channel dope processing. 

[0036] At the following step (F), similarly, in order to adjust the threshold voltage of nMOS transistor of a memory cell, channel 
dope processing is performed. This is realized by performing the ion implantation of boron (B) to the whole substrate, after 
forming a resist 28 on the active region in which nMOS transistor and pMOS transistor of a circumference circuit are formed. 
Energy is 20keVs and the dose performed this ion implantation under the condition of 3x101 6m-2. 

[0037] At this step (F), since the p type material (boron) is used as a dopant, the channel field of nMOS transistor of a memory 
cell turns into the conductivity type (p type) of a well 1 6, and the field of the same conductivity type, and a usual surface channel 
is formed. Similarly, a resist 28 is removed after performing channel dope processing. In addition, the step (E) and the step (F) of 
sequence being made reverse are natural. 

[0038] Next, reference of drawing 5 removes the silicon oxide 22 formed at the step (D) at a step (G). At the following step (H), 
a silicon oxide (Si02) 30 is formed by thermal oxidation to the whole substrate. This silicon oxide 30 constitutes the gate 
insulator layer of each transistor, and set thickness of this silicon oxide 30 to 6.5nm in this example. 

[0039] At the following step (I), the polysilicon contest layer (poly-Si) 32 is formed for the above-mentioned silicon oxide 30 
with a wrap form. This polysilicon contest layer 32 constitutes the gate electrode of each transistor, and set thickness of this 
polysilicon contest layer 32 to 1 50nm in this example. Next, reference of drawing 6 performs processing for using as a "p type" 
polysilicon contest layer the polysilicon contest layer 32 which serves as a gate electrode in a next phase at a step (J). This is 
realized by performing the ion implantation of fluoridation boron (BF2) to the polysilicon contest layer 32. Energy is 20keVs and 
the dose performed this ion implantation under the condition of 5xl019m-2. In addition, although it is also possible boron (B) To 
accept it as ion to use, since it is very light, if boron (B) is not driven in with energy low enough, it will reach a substrate. Then, in 
this example, boron (B) was combined and it used for the fluorine (F) which does not affect others. 

[0040] At the following step (K), a silicon oxide (Si02) 34 is formed for the above-mentioned p type polysilicon contest layer 32 
with a wrap form. Thickness of this silicon oxide 34 was set to lOOnm in this example. At the following step (L), patterning 
processing for forming gate electrode 32a of nMOS transistor of a memory cell, gate electrode 32b of nMOS transistor of a 
circumference circuit, and gate electrode 32c of pMOS transistor is performed. This is realized by giving etching etc., after 
forming a mask (not shown) on the silicon oxides 34a and 34b corresponding to the fraction of p type polysilicon contest layer 
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which it should leave as a gate electrode, and 34c. 

[0041] Finally, reference of drawing 7 forms each source / drain field of nMOS transistor of a memory cell, and nMOS transistor 
of a circumference circuit at a step (M). This is realized by performing the ion implantation of Lynn (P) to the whole substrate, 
after forming a resist 36 on the active region in which pMOS transistor of a circumference circuit is formed. Energy is 20keVs 
and the dose performed this ion implantation under the condition of lxl017m-2. 

[0042] Of this step (M), n type source field 38b of n type source field 38a of nMOS transistor of a memory cell and n type drain 
field 40a, and nMOS transistor of a circumference circuit and n type drain field 40b are formed. In addition, although Lynn (P) 
was used in this example, it may replace with this and an arsenic (As) may be used. A resist 36 is removed after forming this 
source / drain field. 

[0043] At the following step (N), the source / drain field of pMOS transistor of a circumference circuit are formed similarly. This 
is realized by performing the ion implantation of fluoridation boron (BF2) to the whole substrate, after forming a resist 42 on the 
active region in which nMOS transistor of a memory cell and nMOS transistor of a circumference circuit are formed. Energy is 
20keVs and the dose performed this ion implantation under the condition of 1x101 7m-2. 

[0044] Of this step (N), p type source field 38c of pMOS transistor of a circumference circuit and p type drain field 40c are 
formed. In addition, the step (M) and the step (N) of sequence being made reverse are natural. A resist 42 is removed at the last 
step (P). It means that the memory which used p type gate for nMOS transistor of a memory cell, and used p type gate also for 
nMOS transistor and pMOS transistor of a circumference circuit by this, respectively was produced. 
[0045] The concentration near the channel of nMOS transistor of a memory cell was 2xl023m-3 as a result of the process 
simulation and the device simulation, and when gate length was set to 0. 1 8 micrometers, the threshold voltage was able to acquire 
1.3V (substrate bias voltage;-l V) and the easy sufficiently big value. Moreover, when gate length was set to 0.3 micrometers 
about nMOS transistor of a circumference circuit, the threshold voltage was 0.4 V (substrate bias voltage;- IV). Moreover, when 
gate length was set to 0.3 micrometers about pMOS transistor of a circumference circuit, the threshold voltage was 0.7 V 
(substrate bias voltage; 1 V). 

[0046] In addition, although thickness of a gate insulator layer was set to 6.5nm in the example mentioned above (refer to step 
(H)), as thickness of this gate insulator layer, it is appropriate the domain between 1 .5nm - lOnm and to select in 3nm - 7nm 
suitably. The lower limit (1 .5nm) in this case is decided from the content indicated by IEDM96 and p!05, and a upper limit 
(10nm) is decided from the content of the conventional technique of this invention. 

[0047] Moreover, although the example mentioned above explained the case where comparatively low-concentration source / 
drain field were formed, it is a next step further and, of course, well-known various processings may be suitably added to this 
contractor. For example, each silicon oxide formed each gate electrode (32a, 32b, and 32c) and on it (34 a) By making another 
silicon oxide (Si02) or a silicon nitride (SiN) adhere to the side face of 34b and 34c, forming a side wall spacer in it, and carrying 
out more high-concentration impurity injection to it to each source / drain field after that Development in considering as rye tree 
******** drain (LDD) structure can be considered. 

[0048] Moreover, it is also possible to adopt the structure where the electric conduction matter (for example, the silicide 
compound which consists of a tungsten (W) and silicon (Si), the silicide compound which consists of titanium (Ti) and silicon 
(Si)) of low resistance was made to deposit relatively [ upper part / of p type polysilicon contest layer which constitutes each gate 
electrode (32a, 32b and 32c) ] as a modification of the example mentioned above. Since resistance of the whole gate electrode 
falls by considering as such structure, reduction-izing of power consumption and enhancement in a working speed can be aimed 
at. 

[0049] Fuilhermore, although the example mentioned above explained the case where a silicon oxide was used as a gate insulator 
layer, you may be made to form a gate insulator layer with materials other than a silicon oxide. In order to prevent that the boron 
in p type gate (B) is especially spread in a substrate through a gate insulator layer, it is desirable to use a silicon nitride (SiN), a 
silicon acid nitride (SiON), etc. in this case, a conversion thickness [ as opposed to / as mentioned above, convert into a silicon 
oxide the thickness of the gate insulator layer formed with the concerned material, and it is selected in the domain between 1 .5nm 
- lOnm, and / a silicon oxide ] - the specific inductive capacity of the thickness x silicon oxide of the concerned material / specific 
inductive capacity of the concerned material — it is come out and expressed 
[0050] 

[Effect of the Invention] High concentration- ization of the substrate concentration needed for implementation of a desired 
threshold voltage can be suppressed proper, without causing most increases in the whole manufacturing process by using the gate 
electrode of all MOS transistors used as p type according to this invention, as explained above. By this, it is enabled to prevent 
aggravation of a retention property. 



[Translation done.] 
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